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ASPERG LLUS NI GER

SUMVARY

Aspergillus niger is an asexual fungus conmonly found
degrading organic matter in nature. A. niger strains are
significant organisns in the fernentation industry for the
production of citric acid and several enzynes and generally have
a history of safe use. Menbers of the species are ubiquitous in
nature and nost of the human population is frequently exposed to
them The hazards associated with this species appear to be both
strain and culture environnment specific. A. niger strains have
been found to produce nycotoxins, especially malformn C. There
is sone difficulty properly identifying new isolates fromthe
field. Strains can be tested for the production of specific
mycot oxi ns associated with the species. The potential risks from
use of A niger in fernentation facilities are | ow.

[ 1. BACKGROUND
A. | nt roducti on

EPA recogni zes that some m croorganisnms present a |l ow risk
when used under specific conditions at general comercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier |1, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisns. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
nmeeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be Iow, EPA is also specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility. Wen
bal anced agai nst resource savings for society and expected
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product benefits, these exenptions will not present unreasonable
risks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of forms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |n general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the di sposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssion specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organisns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
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fermentation, the small fraction of m croorgani snms renaini ng
viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conmpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnment external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and al ong the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
selected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimated to the growh conditions
within the fernmentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisns will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to mi nimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenments specify that
ot her systens be in place to control dissem nation of
m croorgani sms by other routes. This would include progranms to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani snms out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
al l ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic
mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with
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m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a mnimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be |ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns enmtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani snms qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplement for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regul atory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm
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2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be antici pated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
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conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environment. Such transfers would
occur through the interaction of the introduced m croorgani sm
w t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sonme
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer



7

usually is only possible between nenbers of the sanme species
duri ng anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with Asperqgillus
ni ger, ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material neeting EPA's criteria into strains of A niger
wi || change their behavior so that they would acquire the
potential for causing adverse effects. Risks would be mtigated
by the four criteria placed on the introduced genetic material,
the relative safety of A niger, and the inactivation criteria
specified for the Tier | exenption. In the case of Tier |
exenption, risks would be mtigated in light of the four criteria
pl aced on introduced genetic material, the relative safety of A
ni ger, and EPA s review of the conditions sel ected.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani snms which EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned w thout confusion to an existing
taxon which is easily recogni zed. Second, information should be
avai l able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Aspergillus niger is discussed in the next
unit.




I'11. EVALUATI ON OF ASPERG LLUS N GER

A Hi story of Use

1. History of safe comercial use. The primary uses of A
niger are for the production of enzynes and organi c aci ds by
fermentation. The history of safe use for A niger cones
primarily fromits use in the food industry for the production of
many enzynes and organic acids, such as citric acid. A niger is
considered a Class 1 Containnent Agent under the N H Cuidelines
for Research |nvol ving Reconbi nant DNA Ml ecul es. | n Europe,
Asperqgillus species are considered category 2 under the European
Federation of Bi otechnol ogy gui delines and category 1 under the
CECD cont ai nnent scal e.

2. Products Subject to TSCA jurisdiction. Wile EPA has
not yet received a subm ssion for a strain of A niger, sone of
the future uses of enzynes derived fromA. niger could be subject
to TSCA. A niger has sone uses as the organismitself, in
addition to its products of fernmentation. For exanple, due to
its ease of visualization and resistance to several anti-funga
agents, A niger is used to test the efficacy of preservative
treatnents (Jong and Gantt, 1987). 1In addition, A niger has
been shown to be exquisitely sensitive to mcronutrient
deficiencies pronpting the use of A niger strains for soi
testing (Raper and Fennell, 1965). There is also interest in
using this fungus to performcertain enzymatic reactions that are
very difficult to acconplish by strictly chem cal neans, such as
specific additions to steroids and other conplex rings (Jong and
Gantt, 1987).

B. | dentification of M croorgani sm

1. Classification. The taxonony of Aspergillus is
primarily based on norphol ogi cal features, rather than
physi ol ogi cal , biochem cal features and genetic characteristics.
Mor phol ogy provi des a reasonabl e neans of classification and
assignment wthin the A niger group.

2. Rel at ed species of concern. Sone nenbers of the
genus Asperqgillus produce potent mycotoxins. The A flavus group
produce afl atoxins which are acutely toxic to manmmal s and are
cl assified as probabl e human carci nogens. However, A. niger is
not a nmenber of the A flavus group, and proper identification
shoul d avoi d confusi on between the two speci es.




C. Ri sk Summary

1. Studi es regarding potential for adverse effects.
Asperqgillus niger is an opportunistic pathogen capabl e of
col oni zi ng spaces in the body. Fromthese spaces it may or nay

not i nvade nei ghboring tissues. Invasions of neighboring tissues
appears only to occur with i nmunoconprom sed patients. Since al
humans are exposed to aspergilli species, but disease is rare,

t he physi ol ogical state of the exposed individual nust be
paranount. A. niger produces mycotoxins, and can induce allergic
responses such as occupational asthma. The reports of
occupational asthma associated with use of A niger appear to be
of isolated incidents involving a few specific strains. A niger
produces the nycotoxins malformns A and C whi ch have been shown
to be toxic to mammuals. Toxicity was determ ned by
intraperitoneal injection, a route not considered to be rel evant
to environnmental exposures. The malform ns are apparently nuch

| ess toxic when ingested.

Under some conditions, A niger appears to be a pathogen to
peanuts. Because it can grow on a variety of substrates, A
ni ger can cause spoil age of bakery, fruit and vegetabl e products
and can danage surface |ayers of wood, raw cotton fibers and
ot her material s.

2. Studi es regarding survival in the environnent. A
niger is ubiquitous in nature. It is geographically w dely
di stributed and can col onize a wide variety of substrates. A
niger is comonly found as a saprophyte growi ng on decayi ng
veget ati on.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Asperqgillus niger is already wi dely enployed in
general commrercial uses, sone of which are subject to TSCA
reporting. The Agency believes this exenption will result in
resource savings both to EPA and industry w thout conprom sing
the I evel of risk managenent afforded by the full 90 day review
In addition to assessing the risk of A niger, EPA has devel oped
criteria limting the potential for transfer of and expression of
t oxi n sequences, and the conditions of use specified in the
exenption are net (Tier 1) or will be reviewed by EPA to ensure
adequate risk reduction (Tier 11). EPA requirenents for
m ni m zi ng nunbers of viable m croorganisns emtted are wthin
standard operating procedures for the industry, and both the
procedures and the structures specified in the exenption are the
type industry uses to protect their products from contam nation.
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The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturi ng of new products and the accunul ati on of useful
i nformati on.

V. RECOMVENDATI ON AND RATI ONALE

A. Recommendati on: Aspergillus niger is recommended for a
TSCA section 5(h)(4) tiered exenption.

B. Rati onal e

1. Risks fromuse of the recipient mcroorganismA
niger are low. Humans are continually exposed to A niger spores
and vegetative forns on foodstuffs and in the air. Wile the
greatest concerns for any adverse effects would be for workers
who coul d be exposed to nuch greater spore concentrations than
the general public, the vast majority of A niger strains used
for industrial fernmentation have a history of safe use. Cases
i nvol ving mycotoxin production or allergic responses by workers
exposed to A. niger appear to be associated with a |limted nunber
of strains. Gven that the probability of col onization of
i mmunoconpetent workers is quite small and that A niger is
ubiquitous in the environnent, use of A niger strains in
commercial fernentation facilities should present |ow risks to
human health and the environnent.

2. Risks fromuse of strains of A niger which are eliqgible
for the TSCA section 5(h)(4) exenption present no unreasonabl e
risk. A concern has been expressed that Asperqgillus strains
could be m stakenly identified as A niger when they were in fact
one of the other Asperqgillus species which produce nore potent
mycot oxi ns, such as aflatoxins. However, as part of their
eligibility for this TSCA section 5(h)(4) exenption, companies
are required to certify that they are using A niger. It is
therefore expected that conpanies will have information in their
files which docunents the correct identification of their
strains. Additionally, it is expected that conpanies will choose
wel | -characterized industrial strains for further devel opnment
t hrough genetic nodification. These expectations in conbination
with the use of Good Laboratory Practices should ensure the use
of the correct species.

Wi |l e production of certain nycotoxins has been associ at ed
with strains of A niger, conpanies have been using strains of A
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niger to produce a variety of products for many years w t hout
reports of toxic effects of workers. The limted in size
constraints as well as the restriction on vertebrate toxins

i nposed on introduced DNA by the criteria for the section 5(h)(4)
exenption should reduce the |ikelihood of increased production or
exposure to malformns A and C, the two nost potent nycotoxins
potentially produced by A. niger strains.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be reviewi ng the conditions sel ected

for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.

Attachment 1:

| NTEGRATED RI SK ASSESSMENT FOR

Aspergi |l us niger

I NTRCDUCTI ON

Aspergillus niger is a nmenber of the genus Aspergillus which
i ncludes a set of fungi that are generally considered asexual,
al t hough perfect forns (forns that reproduce sexually) have been
found. Aspergilli are ubiquitous in nature. They are
geographically wdely distributed, and have been observed in a
broad range of habitats, because they can colonize a wide variety
of substrates. A niger is comonly found as a saprophyte
growi ng on dead | eaves, stored grain, conpost piles, and other
decayi ng vegetation. The spores are w despread, and are often
associated wth organic materials and soil.

H story of Commercial Use and Products Subject to TSCA
Jurisdiction

The primary uses of A niger are for the production of
enzynmes and organic acids by fernentation. Wile the foods, for
whi ch sone of the enzynes may be used in preparation, are not
subject to TSCA, these enzynmes may have multiple uses, many of
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whi ch are not regul ated except under TSCA. Fernentations to
produce these enzynes may be carried out in vessels as |large as
100,000 liters (Finkelstein et al., 1989). A niger is also used
to produce organic acids such as citric acid and gl uconic aci d.

The history of safe use for A niger cones primarily from
its use in the food industry for the production of nany enzynes
such as a-anyl ase, anyl ogl ucosi dase, cellul ases, | actase,

i nvertase, pectinases, and acid proteases (Bennett, 1985a; Ward,
1989). In addition, the annual production of citric acid by
fermentation is now approxi mately 350,000 tons, using either A
ni ger or Candi da yeast as the producing organisns. GCtric acid
fermentation using A niger is carried out commercially in both
surface culture and in subnerged processes (Berry et al., 1977,
Kubi cek and Rohr, 1986; Ward, 1989).

A. niger has sone uses as the organismitself, in addition
to its products of fernmentation. For exanple, due to its ease of
vi sual i zation and resistance to several anti-fungal agents, A
niger is used to test the efficacy of preservative treatnents
(Jong and Gantt, 1987). In addition, A niger has been shown to
be exquisitely sensitive to mcronutrient deficiencies pronpting
the use of A niger strains for soil testing (Raper and Fennell,
1965). There is also interest in using this fungus to perform
certain enzymatic reactions that are very difficult to acconplish
by strictly chem cal nmeans, such as specific additions to
steroids and ot her conplex rings (Jong and Gantt, 1987).

I'1. 1 DENTI FI CATI ON AND TAXONOWY

As is the case of many fungi, the taxonony of Aspergillus is
primarily based on norphol ogical features, rather than the
physi ol ogi cal, biochem cal features and genetic characteristics
often used to classify bacteria. The genus Aspergillus is
usual |y defined as asexual saprophytic fungi that produce |arge
bl ack or brown conidia by phialides that are arranged in a
gl obose head radiating froma vesicle or spherical conidiophore.
This definition leads to inclusion of a conplex assortnent of
organisnms Wwthin the taxon. This is illustrated by the 132
speci es arranged in 18 groups by Raper and Fennell (1965) due to
over | appi ng nor phol ogi cal or physiol ogi cal characteristics.
Aspergillus niger is both a species and a group within the genus
Aspergil | us.

The norphol ogi cal approach to taxonony has led to the
exi stence of several synonyns for the genus Aspergillus. They
are: Alliospora Pim Aspergillonsis Spegazzini; C adaspergillus
Ritg; C adosparum Yuill and Yuill; Euaspergilus Ludw g;
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GQutturonyces Rivolta; Raperia Subramani am and Grove; Sceptromyces
Corda; Spermatol oncha Spegazzini; Sphaeronyces Mntagne;
Sterigmatocystis Cramer; and Stil bot hammi um Henni ngs (Bennett,
1985) .

A Definition of the Aspergillus niger G oup

Raper and Fennell (1965) designhated 15 species as conpri sing
the Aspergillus niger group, which includes all of the Aspergill
with black conidia. There have been suggestions to subdivide
further (A -Misallam 1980), but currently the concept of
retention of the A niger group based on black conidia seens
dom nant (Kusters-van Soneren et al., 1990).

More sophi sticated neans of treating the classification of
fungi have been attenpted. Millaney and Klich (1990) revi ewed
t he nol ecul ar bi ol ogi cal techniques for taxonom c classification
studi es of Aspergillus and Penicilliumwhich include G+ C nol ar
per cent age, DNA: DNA conpl enentarity (measuring rate and extent of
reassoci ation of single stranded DNA fromtwo isol ates),
ri bosomal RNA sequence conparison, and restriction fragment
| engt h pol ynor phism One study of restriction digests of
m tochondrial DNA indicated that all the Aspergillus groups
exam ned are related. However, A niger and A awanori, both in
t he niger group, appear |less related than woul d be expected for
menbers in the same group (Kozl owski and Stepien, 1982). Wrk in
the area of DNA honol ogy and rel atedness anong the bl ack
aspergilli is ongoing at the USDA Northern Regi onal Research
Laboratory in Peoria, IL (Peterson, 1991). Mdre exhaustive use
of these and related techniques nay give a clearer taxonom c
system which will permt better separation of its nenbers.

B. A. niger Species

Wi | e nor phol ogy provides a reasonabl e neans of
classification and assignnent within the A niger group, it is
not a reliable nmeans for identifying a given isolate fromthe
field. The major distinction currently separating A niger from
the other species of Aspergillus is the production of carbon
bl ack or very dark brown spores from bi seriate phialides (Raper
and Fennell, 1965). Oher features include the snooth and
general ly col orl ess coni di ophores and spores that are #5 um
gl obose and have conspi cuous ridges or spines not arranged in
rows. A niger isolates grow slowy on Czapek agar (Raper and
Fennel |, 1965). These physical characters such as spore col or
and rate of growmh on a defined nedia are subject to change,
especi al |y under extended pure culture or selection and nutation.
Though A. niger is relatively stable to spontaneous nutation
conpared to other aspergilli, variation in norphology may stil
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be a problemw th sone strains (Raper and Fennell, 1965). Thus
this species may be msidentified with other Aspergillus spp.

C. Potenti al Nonmencl ature Probl ens

Nonencl ature problens of the genus Aspergillus arise from
their pleonorphic life cycle. The newer findings show that this
group of fungi has both a perfect (teleonorphic) and an inperfect
(ananor phic) state. The International Code of Botanica
Nonmencl at ure provides a systemof 76 mandatory rules (Articles),
and al so Recommendati ons, to pronote nonenclature stability
(Hawksworth, 1990). 1In a retrospective revision of the rules
concerning fungi with pleonorphic life cycles, Art. 59, adopted
by the 1981 International Botanic Congress (Voss et al., 1983),

t he decision was reached that "even if a species nane was
proposed under an ananorphic generic nane, if the description and
the type included the sexual ascosporic stage, then the nane had
to be applied to the tel eonorph and was no | onger available to

t he ananorph, the conidial state" (Hawksworth, 1990). Article 14
of the Code provides for conservation procedures to avoid

di sadvant ageous changes in well-known fam |y and generic nanes
due to strict application of the code.

To avoi d confusion, for economc or public health reasons
t axonom sts nmake exceptions to their rules. Thus, conservation
of well-known nanes was al so all owed for "species of nmgjor
econom c inportance" (Art. 14.2) at the 1981 International
Bot ani ¢ Congress (Voss et al., 1983). Frisvad et al. (1990)
poi nted out that of the two obviously threatened nanes in the
t axonony of Aspergillus, A niger van Tieghemis one of great
inportance. Wth this in mnd Hawksworth (1990) recommended t hat
the Aspergilli be included in a pilot study for the "List of
Nanes in Current Use" initiative that could lead to forma
adoption if sanctioned by the International Conm ssion on the
Taxonony of Fungi .

If the rules for naming are rigorously applied, A niger
m ght di sappear as a |egitinmate nanme, causing great conmerci al
confusion. Al -Misallam (1980) stated that there are two species
described in the last century, A. phoenicus (Corda) Thom (1840)
and A. ficuum (Reichardt) Hennings (1867) accepted as valid
speci es by Thom and Raper (1945) and again by Raper and Fennel
(1965) that are the same as A niger, or that is a variety of
one of them However, Frisvad et al. (1990) believe that a
cl ear case exists for conserving the nane A niger, because A
niger is "the source of commercial production of citric acid and
ot her organic acids around the world, and clearly of ngjor
econom c inportance.” The earlier nanes have been used only
rarely in nodern publications. Thus, possible revision of the
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t axonony of Aspergillus does not seemto include replacenent of
A. niger for the foreseeable future.

D. Concl usi ons on Taxonony and Identification

Thus, while the name A niger seens secure for now, the
organisns to which it applies still represent a conpl ex amal gam
of norphologically related isolates. Those collections that take
care to control conditions of culture and apply rigorous nethods
during identification should be able properly identify strains as
bel onging to this species. However, that does not guarantee that
all strains properly called A niger will share nost
physi ol ogi cal properties. The ones nost likely to be well
defined are those having long histories in culture, especially
commercial culture, where the know edge of these physi ol ogi cal
properties is inmportant to their maintenance. Since sone
features of concern for hazard nay not be related to the
nmor phol ogi cal features used for classification, information on
t he physi ol ogy and bi ochem stry of A niger strains maintained in
culture, as well as their norphology, is useful for confirmation
of identity.

E. Rel at ed Speci es of Concern

The taxonony of Aspergillus has public health inplications
due to the production of potent nycotoxins by nmenbers of this
genus. Mst notable of these is the association of aflatoxins
with nmenbers of the A flavus group (Bennett, J.W (1985b),
Seneniuk et al., (1971)). A niger is not a nenber of that
group, generally being distinguishable by color and structure of
t he conidial head (Raper and Fennel (1965)). Though proper
separation anong aspergilli requires a trained nycol ogi st and
care for proper culture conditions, when this is acconplished
t here should not be confusion between A niger strains and
menbers of the A flavus group

[11. HAZARD ASSESSMENT
A. Human Heal th Hazards

Three categories of human health effects are examned in
this risk assessnment of A niger: 1) colonization of spaces in
t he body and potential invasion of neighboring tissues; 2)
production of nycotoxins; and 3) induction of allergic responses
such as occupational asthma.
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1. Col oni zati on and Pat hogenicity

The growt h of the fungus Aspergillus in human tissue or
wi thin air-containing spaces of the body, such as bronchus or
pul nonary cavity, is ternmed aspergillosis (Bennett, 1979a).
Exposure to Aspergillus nust be nearly universal but disease is
rare. The physiol ogical condition of the exposed individual thus
appears to be of paranount inportance. Patients exhibiting
aspergillosis are generally i mmunoconprom sed, and thus
susceptible to otherwi se cormmon and usual ly harm ess
m croorgani sns. Factors that nay | ead to i mmunosuppressi on
i nclude an underlying debilitating disease (e.g., chronic
gr anul omat ous di seases of chil dhood), chenotherapy, and the use
of supraphysi ol ogi cal doses of adrenal corticosteroids (Bennett,
1980) .

Pul monary aspergillosis is the nost common cli nical
mani festation of aspergillosis. The nbst conmon synptons of
pul nonary aspergillosis are a chronic productive cough and
hemopt ysi s (coughing up blood). According to a standard nedi cal
t ext book, "Aspergillus can col onize ectatic bronchi, cysts, or
cavities in the lung. Colonization is usually a sequel of a
chronic inflammtory process, such as tubercul osis,
bronchi ectasi s, histoplasnosis, or sarcoidosis. A ball of hyphae
may formw thin an air-containing space, particularly in the
upper | obes, and is ternmed an aspergilloma. The fungus rarely
i nvades the wall of the cavity, cyst, or bronchus in such

patients"” (Bennett, 1979a). It is not clear what role
Aspergillus plays in noninvasive |lung disease. Plugs of hyphae
may obstruct bronchi. Perhaps allergic or toxic reaction to

Aspergillus antigens could cause bronchial constriction and
damage (Bennett, 1980).

Al t hough Aspergillus fum gatus is the usual cause of
aspergillosis (Bennett, 1979b), there have been several recent
case reports of pulnmonary aspergillosis caused by A niger. For
exanpl e, Kierownik (1990) described a 66-year-old man who was
admtted to the hospital with pul nonary | esions and cavitation of
his lung. Fungi were cultured and the sputum contai ned fungal
forms typical for A niger conplicating a pul nbnary abscess in
t he course of a pneunonia. Korzeni owska-Kosela et al. (1990)
al so describe a pulnonary aspergillom caused by A niger.

Medina et al. (1989) reported on cases of bilateral maxillary
sinusitis and a right pansinusitis. |In a case described by

Lout hrenoo et al. (1990), an anputation of the right foot had to
be perforned on a mal nouri shed 70-year-old man who presented with
a pai nful black "gangrenous appearing” nmass on the right foot.

Ti ssue sanpl es showed not only branchi ng hyphae, but dark

pi gmented fungal fruiting heads with double sterigmata.
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Aspergillus niger was identified.

Al t hough Aspergillus niger is regarded as an opportunistic
pat hogen (Padhye, 1982; Wil sh and Pizzo, 1988), it can cause
otonycosis in healthy, nonconprom sed persons who have no
underl yi ng di sease (Austw ck, 1965). Qomycosis is the nane
given to the growh of Aspergillus, often A niger, on cerunan
and desquamated debris in the external auditory canal. The
condition is benign. O 159 suspected cases of otomycosis in
Ni geria, 36 were specifically confirned on the basis of
denonstrating mcroscopically fungal structures in epithelial
debris plugs and a positive culture (CGugnani et al., 1989).
Anot her 31 cases gave positive cultures but were negative
m croscopically, and thus were consi dered of doubtful fungal
pat hol ogy. Again, A niger was predom nant.

Both the severity of aspergillosis and the patient's
prognosi s are dependent on the physiologic status of the patient.
| nvasi on of lung tissue in aspergillosis is alnost entirely
confined to i Mmunosuppressive patients (Bennett, 1980). Roughly
90 percent of invasive pul nonary case patients will have two of
these three conditions: severe imunosuppression (less than 500
granul ocytes per cubic mllinmeter of peripheral blood).
supr aphysi ol ogi cal doses of adrenal corticosteroids, and a
hi story of taking cytotoxic drugs such as azathioprine (Bennett,
1980). In addition, the type of disease produced affects the
patient's chances for recovery. For exanple, sinple colonization
is treatable, but if the sinple colonization becones chronic or
i nvades nei ghboring tissues, the infection becones nore difficult
to treat (MA@ nnis, 1980). Surgical excision has been used
successfully to treat invasive aspergillosis of the paranasal
sinus as well as noninvasive sinus colonization. |ntravenous
anphotericin B has resulted in arrest or cure of invasive
aspergillosis when i munosuppression is not severe (Bennett,
1980). Pleural aspergillosis often responds well to surgical
dr ai nage al one (Bennett, 1979b).

2. Al l ergi c Reactions to Asperqgillus niger

Al'l ergens produced by A niger can produce allergic disease
in humans. Wen inhaled, A niger can cause hypersensitivity
reactions such as asthma and allergic alveolitis (Edwards and
Al - Zubai dy, 1977). However, only a few instances of asthma
i nduced by A niger have been reported. One such instance
i nvol ved a manufacturing plant in which a specially selected
strain of A niger was being used to fernent nol asses to produce
citric acid. Both stirred tank and surface nethods were being
used. Eighteen workers were di agnosed as havi ng occupati onal
asthma; half had I gE antibody to A niger based on skin and RAST
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tests. As determ ned by RAST inhibition experinents using a
commercial extract of A niger, the antigen that caused the
sensitization appeared to be peculiar to the A niger strain used
for the fernmentation (Topping et al., 1985).

In studies on 30 of 83 patients who showed synptons of
bronchial asthma, it was found that skin hypersensitivity to
Aspergillus antigens with a high serumIgE to these antigens is
indicative of Aspergillus sensitivity. |In addition, |evels of
| gE protein and I gE anti bodi es specific for eight different
all ergenic extracts (including Aspergillus) were neasured in the
serum of persons infected with human i nmunodeficiency virus (HV)
and H V negative subjects belonging to the sane high risk group.
Levels of IgE protein and anti bodi es were found to be
definitively higher in the HV infected patients (Maggi et al.
1989) .

Massi ve inhal ation of Aspergillus spores by normal persons
can lead to an acute, diffuse, self-limting pneunonitis.
Spont aneous recovery taking several weeks is the usual course
(Bennett, 1980). For exanple, Dykewicz et al. (1988) described
the case of a 28-year-old man who devel oped fevers, cough
shortness of breath and ot her synptons several hours after
cutting live oak and maple trees. Fungal cultures of the wood
chips yielded A niger along with other Aspergillus species,

three species of Penicillium Paecilonyces sp., and Rhizopus sp.
Several i1 mmunol ogi cal techniques were used to show that the
Penicilliumsp. were probably responsible. Reports such as this

illustrate that A. niger, while inplicated by its isolation in
association with sone cases, is not necessarily the causative
agent .

3. Toxi n Production by A. niger

Aspergillus niger can produce a variety of fungal
nmet abolites, terned nycotoxins, depending upon growh conditions
and the strain of the organisns. The nycotoxins include oxalic
acid crystals, kojic acid, and cyclic pentapeptides called
mal form ns. The nycotoxins range fromnoderately to highly toxic
in ternms of acute toxicity.

A. niger produces oxalic acid and kojic acid abundantly.
These two products have only a slight acute toxicity. Oxalic
acid has an intraperitoneal LD,,of 150 ng/kg in rats and kojic
acid has an intraperitoneal LD,, of 250 ng/kg in mce (Ueno and
Ueno, 1978).

Mal f orm ns produced by A niger are nore potent toxins, at
| east by the intraperitoneal route of admnistration. Mlformn
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A has an intraperitoneal LD, as low as 3.1 ng/kg in mce (Kobbe
et al., 1977.) Pathol ogi c signs acconpanying fatality included
dilatation wth henorrhage of the gastrointestinal tract and
changes in the liver and kidney. Death occurred within four
days. In contrast, oral doses up to 50 ng/kg failed to cause
evi dence of acute toxicity (Yoshizawa, 1975.)

In 1976, Anderegg et al. (1976) reported that a strain of
A. niger collected from nol d-damaged rice produced a highly toxic
nmetabolite, Malformn C, which they established as the disulfide
of cycl o-D-cysteinyl-D-cysteinyl-L-valyl-D1eucyl-L-1eucyl. Wen
grown on white wheat in a fernentative process, malformn C was
highly toxic to newborn rats (LD;, 0.9 ng/kg; i.p.) and exhibited
anti bacterial activity against both gram positive and gram
negati ve bacteria (C egler and Vesonder, 1987). Mlformn C
appears to have nore manmalian toxicity than malformn A (Mss,
1977) .

Aspergillus niger can interfere with the production of the
potent nycotoxin aflatoxin by A flavus under sone conditions.
Horn and W ckl ow (1983) reported that when A flavus and A niger
were co-cultured on autoclaved corn kernels, A niger |owered the
substrate pH sufficiently to suppress afl atoxin production.

A. niger is able to grow well|l at high tenperatures and has
an opti mum tenperature of 35°C. It germ nates at about 77
percent relative humdity (Wllie and Mrehouse, 1971). The
production of malformns is related to the conposition of the
grow h substrate and usually occurs in stationary phase cul tures.
Wil e not always true, nycotoxins are generally produced on
solid substrates with high carbon/nitrogen solid content (G egler
and Kurtzman, 1970; Anderegg et al., 1976). For exanple,
mal form ns are produced when A. niger is grown on onion bul bs
(Curtis et al., 1974) and on fernenting grains (Kobbe et
al.,1977). A strain of A niger recovered from nol d-damaged rice
produced Malformn A A survey to define the nunber of strains in
nature that are Malform n producers appears not to have been
made.

The use of radioactively | abel ed suspected precursors has
hel ped clarify biosynthetic pathways for some nycot oxins.
However, the specific enzynes involved in these transfornmations,
their control and genetics are not always known even for well
studi ed nycotoxi ns such as aflatoxin (Betina, 1989). The |oci
i nvol ved in nycotoxin biosynthesis have not been genetically
mapped at present due to the difficulty of working with an
asexual m croorgani smsuch as A. niger
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4. Concl usi ons

O the three types of hazard concerns described, two appear
to be strain dependent, allergen and toxin production. Because
of the nunmber of individuals involved in the few cases of
docunent ed occurrence of occupational asthma, the association of
the events with A niger fernentations, and the strain
specificity involved, proper identification of strains of
exenpted recipients should Iimt concern for intrinsic health
hazards. Simlarly, proper identification of strains should
[imt concern for nycotoxin production. Qpportunistic
pat hogenicity may be as nmuch a function of the state of the host
as of the capability of the infecting fungus, except in the cases
of otitis externa where healthy individuals may be infected.

B. Envi ronnent al Hazards

1. Hazards to Aninals

Li vestock ingesting A niger contam nated feed have been
shown to be adversely affected by nycotoxins. Calciumdepletion
and ot her physiol ogical abnormalities including death can result
fromingestion of A niger colonized feed due to the funga
production of oxalic acid or mal form ns (Austw ck, 1965). Chicks
and mce were killed after being fed with nol dy soybeans and m ce
died after eating contam nated wheat containing isolates of A
ni ger (Senmeniuk, et al., 1971). The cause of death was assuned
to be toxicosis, but pathogenicity was observed in sone cases.
Sone of the malformns are currently under devel opnment for use as
i nsecticidal conpounds (Wcklow, 1991).

2. Hazards to Pl ants

A. niger has been isolated from 37 genera of plants (Farr et
al., 1989). Oten these reports involve co-isolation with other
per haps nore destructive m croorganisns or isolation froma
stored plant product. There are reports of A niger being a
pl ant pat hogen in peanuts (Jackson, 1962). Apparently, A. niger
can induce a crown rot of peanuts due to A niger-infected seed
under specific hot, humd gromh conditions. The mycotoxins
descri bed above, nanely oxalic acid, nmalformin A and mal formn
C, have been shown to cause significant growmh effects such as
root curling and top deformation in plants (Anderegg et al.
1976) .

A. niger can cause the rotting of numerous fruits,
veget abl es, and ot her food products, thus causing substanti al
econom c | osses due to spoilage. For exanple, black rot of
oni ons associated with A niger is responsible for serious |osses
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of onion bulbs in the field and in storage. There are also
reports of A niger-induced spoil age of mangos (Prakash and
Raoof, 1989), grapes (Sharma and Vir, 1986), and tonmatoes (Sinha
and Saxena, 1987).

3. O her Ecol ogi cal Concerns

Menmbers of the Aspergillus genus are well known as
bi odet eri ogens (organisns that cause deterioration of materials).
For exanple, A. niger causes discoloration and softening of the
surface | ayers of wood, even in the presence of wood
preservatives. A. niger also causes damage to raw cotton fibers
and ot her cellul ose-containing materials, as well as to tanning
[iquors used in the tanning of hides and leather. It can also
attack plastics and polyners such as cellulose nitrate, polyvinyl
acetate and pol yester-type pol yuret hanes (Thomas, 1977). A
niger is also the nmajor spoilage isolate on bakery products such
as English style crunpets (Smth et al., 1988).

4. Concl usi ons

One set of mmjor concerns for environnental hazard is, |ike
that for human hazard, associated with nmycotoxin production.
Toxins fromA. niger may affect other vertebrates and plants as
well. Plant pathogenicity, though a possibility for sone crops,
is not a commonpl ace concern issue for A niger strains, which
are usually consi dered saprophytic. Because mycotoxin production
and crown rot in peanuts nay be strain-specific, proper
identification of strains would appear to be essential for
[imtation of ecological, as well as human health, hazard. In
addition, A niger is one of many commonpl ace spoi |l age-associ at ed
fungi, which can cause severe econom c effects.

V. EXPOSURE ASSESSMENT
A Wor ker Exposure
Aspergillus niger is considered a Cass 1 Contai nment Agent

under the National Institute of Health (NIH) Cuidelines for
Reconbi nant DNA Mol ecul es (U. S. Departnent of Health and Human

Services, 1986). |In Europe, Aspergillus spp. are treated as | ow
ri sk-class mcroorganisns, i.e., category 2 of the European
Federation of Biotechnology (Frommer et al., 1989) or category 1

on the OECD containnent scale. Category 1 of the European
Federati on of Bi otechnol ogy scal e i ncludes organi sns deened
harm ess, which can be grown under good industrial |arge scale
practices (G LSP), while category 2 organisns |ike Aspergillus
require nore stringent containnent.
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No data were available for assessing the rel ease and
survival specifically for fernentation facilities using A niger.
Therefore, the potential worker exposures and routine releases to
the environnment from|l arge-scale, conventional fernentation
processes were estimated on information avail able from ei ght
premanuf acture notices submtted to EPA under TSCA Section 5 and
from published information coll ected from non-engi neered
m croorganisns (Reilly, 1991). These val ues are based on
reasonabl e worst-case scenarios and typical ranges or values are
gi ven for conparison

During fermentati on processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys less than 10 workers/shift and operates 24 hours/day
t hroughout the year. N OSH has conducted wal k-t hrough surveys of
several fernentation facilities in the enzyne industry and
monitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process
technol ogy. Area sanples were taken in | ocations where the
potential for worker exposure was considered to be potentially
greatest, ie. near the fernentor, the seed fernentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/n?
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy
subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of mcroorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associated
with this estinmated exposure value is not known (Reilly, 1991).
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B. Envi ronmental and General Exposure

1. Fate of the Organi sm

Aspergilli are anong the fungi nost frequently isolated from
soil s and have been found to rapidly col onize and degrade easily
avai |l abl e organic matter. For exanple, in 20 dust sanples
collected in Saudi Arabia that yielded 22 genera and 46 species
when grown on glucose and Czapek's agar, the nbst commbn genus
was Aspergillus and the nbst comon species was A niger
(Abdel -Hafez et al., 1985). The abundant asexual spores produced
wi thin the conidi ophores are resistant to nmany environnental
stresses which enables the organismto survive during inactive
periods (Atlas and Bartha, 1981). Thus, it may be assuned that
1) people are frequently exposed to naturally occurring A
niger., and 2) that spores fromgenetically engineered industri al
strains will survive in a simlar nmanner to natural spores upon
rel ease into the environnent.

This section reviews the potential exposure of popul ations
and the environnent outside of a fernentation facility to an
industrially used strain of A niger. Because no data are
avai l abl e regarding the ability of industrial strains to disperse
and persist in the environnment, this assessnent is based on
mat hemati cal nodels. These nodel s assune that the m croorgani sns
are dispersed as if they were particles, and that they neither
mul tiply nor die during the dispersal process. These are
reasonabl e assunptions for spores, but they are | ess appropriate
for vegetative forns.

2. Rel eases

Esti mates of the nunber of A niger organisnms rel eased per
production batch are tabulated in Table 1. The mnimally
control |l ed scenario assunes no treatnment of the fernmentor off-gas
and assunes 100-fold (2 log) reduction of the naxi mum cel
density of the fernmentation broth resulting frominactivation
(Reilly, 1991). The containnment criteria required for the ful
exenption scenario assune the use of in-line filters to treat
vent gases and a 99%renoval efficiency under normal operating
conditions. They also assune an overall 6-1o0g reduction relative
to the maxi mumcell density of the fermentation broth resulting
frominactivation steps (Reilly, 1991).
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TABLE 1. Estinated Nunmber of Viable Aspergillus niger
Organi sns Per Production Batch

Mnimally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10°% - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10% 7x10° 90
Soi | / Landfil | 7x10% 7x10% 90

Source: Reilly, 1991
3. Al r

There are no specific data regarding the survivability of A
niger in the atnosphere after release. Human exposure to A
ni ger aerosols, should it occur, would occur via inhalation.
Rel eases from fernentor off-gas may result in nonoccupati onal
i nhal ati on exposures, if the rel eases are outside of the
fermentation facility. To estinmate these potential exposures,
Versar (1991) used the sector averaging formof the Gaussian
al gorithm described in Turner (1970) and the rel ease rates
estimated by Reilly (1991) and summari zed in Table 1. For
pur poses of this assessnent, a release height of three neters and
downward contact at a di stance of 100 neters were assuned. Under
the mnimally controlled scenario of no renoval of organi sns by
treatment of off-gasses, anbient human inhal ati on exposures are
estimated to range from9 x 10° to 4 x 10° cfu/day. For systens
operating in conpliance with criteria required for the ful
exenption, and thus with 99% reduction of the off-gasses,
exposures of 9 x 10* to 4 x 10’ cfu/day are esti mated.

According to Versar (1991), these estinates represent
hypot heti cal exposures under reasonable worst case conditions.
However, it should be noted that these exposures are actually
substantial overestimates, because industrial fernentors, which
may have vol unes of 100,000 liters (Finkelstein et al., 1989),
t hensel ves are higher than three nmeters, the assuned stack hei ght
[the taller the stack, the |ower the predicted organi sm
concentration at 100 neters downwi nd]. In addition, one of the
conditions of the exenption is that the fernentors are not vented
directly to the anbient air.



25
4. Wat er

Versar (1991) estimated the concentrations of A niger in
surface water using streamflow values for water bodies receiving
process wastewat er discharges fromfacilities within SIC Code 283
(drugs, nedicinal chem cals, and pharmaceuticals). The surface
wat er rel ease data (cfu/day) tabulated in Table 1 were divided by
the streamflow values to yield a surface water concentration of
the organism (cfu/L). The streamflow values for SIC Code 283
wer e based on di scharger location data retrieved fromthe
I ndustrial Facilities D schargers database on Decenber 5, 1991,
and surface water flow data retrieved fromthe RXGAGE dat abase.

Fl ow val ues were obtai ned for water bodies receiving wastewater

di scharges from 154 indirect (facilities that send their waste to
a POTW and direct dischargers (facilities that have an NPDES
permt to discharge to surface water). Tenth percentile val ues
indicate flows for smaller rivers within this distribution of 154
receiving water flows and 50th percentile values indicate flows
for nore average rivers. The flow value expressed as 7QLO is the
| onest fl ow observed over seven consecutive days during a 10-year
observation period. The use of this nethodology to estimte
concentrations of A niger in surface water assunmes that all of

t he di scharged organi sns survive wastewater treatnent and that
grom h i s not enhanced by any conponent of the treatnent process.

Estimated concentrations of A niger in surface water for
mnimally controlled and full exenption scenarios are tabul ated
in Table 2.

TABLE 2. Aspergillus niger Concentrations in Surface Water

Recei vi ng
Fl ow St ream Fl ow Or gani sns
(M.D*) (cfull)
Mean Q710 Mean Qr10

Mnimally Controll ed

10th Percentile 156 5. 60 4.5x10% 1. 25x10°

50th Percentile 768 68. 13 9.11x10°3 1. 03x10°
Ful | Exenption

10th Percentile 156 5. 60 4.5x10° 1. 25x10°

50th Percentile 768 68. 13 9.11x10°' 1.03x10*

*MD = mllion liters per day
Source: Versar, 1991
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5. Soil
Because soil is the natural habitat for A niger, long-term
survival in soil is expected. Human exposures via dermal contact

and ingestion may occur at the solid waste disposal site, if the
strain can establish itself. Environnental exposures to
terrestrial, avian, and aquatic (via runoff) organisns nay al so
take place. However, it should be noted that for establishnment
to take place, the introduced A niger will probably have to out
conpete and di spl ace the indigenous A niger population (Versar,
1991).

6. Sunmary

G ven the ubiquitous nature of A niger, the issue of
exposure to a new production strain of this species is basically
a question of whether the increase in release of spores due to
use of these strains will be noticeable when conpared to norma
exposure to naturally occurring as well as other commerci al
production strains. |In that context, the nunber of spores of
strains rel eased fromproduction facilities, under the conditions
described in Table 2, would not appear to add significantly to
t he environnental burden of spores produced from natural or other
commer ci al sources.

V. | NTEGRATI ON OF RI SK ASSESSMENT
In the previous sections, information regarding the
potenti al exposures and hazards to workers, the general public,
animals, plants and the environnment was reviewed. This section
serves to integrate this information to evaluate the potenti al
ri sks associated with the industrial use of Aspergillus niger.
A Di scussi on

1. Ri sks to Humans and Ani nal s

A. niger has been associated with three categories of
adverse human health effects: 1) colonization of spaces in the
body and possi bl e invasion of neighboring tissues terned
aspergillosis; 2) production of nycotoxins; and, 3) induction of
al l ergi c responses such as occupational asthma. The primary
hazard to humans and ani nal s appears to be toxicity associ ated
wi th the production of mycotoxins known as mal form ns.

Reports associating A niger wiwth infectious diseases in
heal t hy individuals are uncommon, although A niger is a
recogni zed opportuni stic pathogen. Gven the relative
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i nfrequency of anecdotal reports and the frequency with which al
humans are exposed to A niger, both by ingestion and inhal ation,
the probability of colonization in inmunoconpetent i ndividuals
must be quite small. The probability of colonization in

i mmunosuppr essed people, however, is relatively high.
Nevert hel ess, given the already ubiquitous presence of A niger,
the increased environnmental burden of A niger due to rel ease
fromcomercial facilities under conditions inposed by exenption
criteria is probably negligible. Thus, it may be concl uded that
the use of A niger in fernentation facilities is unlikely to

i ncrease the baseline risk of infection by A niger.

For the second category of effects, production of toxins,
concern is reduced due to available information on the rel evant
toxins. The higher values of toxicity for Malformns A and C
were determ ned by intraperitoneal injection, a route not
considered to be environnentally relevant. Furthernore, data
for toxicity via ingestion indicate that the toxicity is much
| ower by this route (Yoshizawa, 1975). This |lower toxicity may
be due to the destruction of the malformns, which are cyclic
pent apeptides, in the gastrointestinal tract.

A. niger netabolites have caused adverse effects in
livestock. The preval ence of strains that can produce these
mycot oxi ns i s unknown. Thus, it is uncertain whether the
rel ease, via waste disposal or air em ssions, of A niger strains
capabl e of producing nycotoxins will add to the environnmental
burden of nmnycotoxin producing strains.

Significant environnmental release of the mnmycotoxins
thensel ves is unlikely if the comrercial production takes place
in a subnmerged fernentation system since nycotoxins tend to be
el aborated when A niger is grown on solid substrates. However,
sonme production of citric acid does take place on surface
cul tures, and nycotoxins nmay be produced. In addition,

Mal formns are nore likely to be produced in cultures at
stationary phase, so that production control could Iimt the

el aboration of these toxins. Selection of recipient strains
known to be incapable of nycotoxin production or direct toxicity
testing of production strains can address the concerns of
possi bl e nycot oxi n el aborati on during comrercial production.

| nactivation of mycotoxins by physical or chem cal nmeans prior to
rel ease of either the final product or the fernentation wastes
may be anot her nmechanismfor reducing risk. It should be noted,
however, that nethods used to reduce |evels of the m crobial
organi sm may not inactivate the nycotoxin produced.

Because mycotoxin production is a strain specific
phenonmenon, the proper identification of strains proposed to be
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used under conditions of exenpt manufacture is critical. The
t axonony of the genus Aspergillus, has been stable since 1965,
except for proposals that would differentiate anong the A flavus
group within this genus. However, while its description has not
varied, A niger is identified based on physiol ogi cal and
nor phol ogi cal traits that may vary under different conditions of
culture. Unless identification of the proposed recipient strains
is acconplished by a trained systematic nycol ogi st, who will take
care to utilize established identification protocols, or unless
strains are obtained froma recogni zed full service culture
collection, msidentification that could lead to use of a
production strain capable of exhibiting significant adverse
effects, is possible.

The | ast category of effects, allergen production, may be a
serious but isolated concern. Though incidents involving
i ndustrial strains associated with occupational asthma in workers
are rare, adverse effects have been reported for an industrial
use simlar to those subject to review under TSCA (Toppi ng et
al ., 1985). The offending antigen appears to be strain
dependent, and the effects noted reinforce the need for proper
strain identification, and a docunentable history of safe use.
Ri sk may be reduced if a strain has already been used in |arge
scal e production w thout any incidents of occupational asthma, or
if strains have been tested for allergenic potential.
Additionally, efforts to contain the organi sm beyond those
enpl oyed in the above cited exanple should limt worker exposure
and thus risk for occupational asthna.

2. Ri sks to Pl ants

Though A. niger is generally regarded as a strict
saprophyte (Farr et al., 1989, Commobnweal th Mycol ogi cal
Institute, 1966), as with effects on aninmals, the tendency to
cause adverse plant effects seemnostly strain specific. An
exception may be that A niger appears to be a pathogen to
peanuts under sone conditions (Jackson, 1962).

Ri sk woul d be reduced if waste disposal by |andfarm ng were
limted to those strains that have been appropriately tested for
pl ant pathogenicity (for exanple, against peanuts). In addition,
as previously noted, significant environnental release of
mal formns is unlikely if the commercial production takes place
in a submerged system

3. O her Ri sks

O her problens with AL niger are related to its ability to
grow on a variety of substrates, causing deterioration of
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materials on which it is growng. For exanple, A niger causes
econom c | osses due to spoilage of bakery, fruit and vegetable
products. A niger also damages surface |ayers of wood, raw
cotton fibers and many other materials. However, because A

niger is already ubiquitous, the increased environnental burden
of A niger due to release fromcommercial facilities is probably
negligible. Thus, the baseline risk of materials damage by A
niger wll not be affected by the use of A niger in commerci al
facilities.

4. Summary of Risk Integration

Aspergillus niger is worldwi de in distribution and has been
i solated from nunerous habitats. Hunmans are continually exposed
to A niger spores and vegetative forns on foodstuffs and in the
air. Geatest concern for any adverse effects would be for
wor kers exposed to greater spore concentrations rather than the
public at large. The vast majority of strains of A niger,
especially those used in industrial fernmentation, have a history
of safe use. Wiile there are sporadic reports to the contrary,
nost isol ates have not been docunented to be serious pathogens of
humans, animals or plants. Specific strains may produce certain
mycotoxins or may elicit serious allergic responses anpbng
wor kers. Those instances of adverse effects seemto be
associated wwth a limted nunber of strains. Wth proper
characterization of industrial strains, use of those with
potential for such effects can be avoi ded.

B. Recommendat i on

Reconmendati ons for exenpting strains of Aspergillus niger
shoul d accommopdate the strain specific concerns of toxin and
al l ergen production. Those strains having had a docunentabl e
stringent determ nation of strain identification, using
experi enced personnel and appropriate nethods, as well as having
a history of safe large-scale industrial use, would need no
review to be considered for full exenption listing. Although
those strains would qualify as |ow risk organi sns under
condi tions of production and use, maintenance of docunentation
that confirnms their identity, and the history of safe use is
essenti al .

For industrial strains not neeting the criteria of
docunented safe use and identification using experienced
per sonnel and appropriate nethods a limted review of risks would
be needed. The review for listing such strains would focus on
the proper identification of the organisns and the |ikelihood of
toxi n production under TSCA use conditions.
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Strains isolated fromnature or having no history of safe
i ndustrial scale use could also be considered for exenption
provi ded they have been exam ned for toxin production and
pat hogenicity. Laboratory studies using cost-effective nethods
for determning potential for specific toxin production (e.g.,
mal f orm ns) or pathogenicity (e.g., to peanuts) could be used in
lieu of industrial experience. Public comment on this
alternative should be sought.
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